Streptococcal pyrogenic exotoxin B (SPE B), a cysteine protease, is an important virulence factor in group A streptococcus (GAS) infection. The inhibition of phagocytic activity by SPE B may help prevent bacteria from being ingested. In this study, we examined the mechanism SPE B uses to enable bacteria to resist opsonophagocytosis. Using an enzyme-linked immunosorbent assay, we found that SPE B-treated serum impaired the activation of the classical, the lectin, and the alternative complement pathways. In contrast, C192S, a SPE B mutant lacking protease activity, had no effect on complement activation. Further study showed that cleavage of serum C3 by SPE B, but not C192S, blocked zymosan-induced production of reactive oxygen species in neutrophils as a result of decreased deposition of C3 fragments on the zymosan surface. Reconstitution of C3 into SPE B-treated serum unblocked zymosan-mediated neutrophil activation dose dependently. SPE Btreated, but not C192S-treated, serum also impaired opsonization of C3 fragments on the surface of GAS strain A20. Moreover, the amount of C3 fragments on the A20 cell surface, a SPE B-producing strain, was less than that on its isogenic mutant strain, SW507, after opsonization with normal serum. A20 opsonized with SPE B-treated serum was more resistant to neutrophil killing than A20 opsonized with normal serum, and SPE B-mediated resistance was C3 dependent. These results suggest a novel SPE B mechanism, one which degrades serum C3 and enables GAS to resist complement damage and opsonophagocytosis.
Group A streptococcus (GAS; Streptococcus pyogenes) is an important human pathogen that causes a variety of infections, including pharyngitis, impetigo, cellulitis, necrotizing fasciitis, puerperal sepsis, and streptococcal toxic shock syndrome (11, 41, 42) . Despite intensive care with antimicrobial therapy, the mortality has remained high for these infections and postinfection sequelae, such as acute rheumatic fever (47) . Several mechanisms by which GAS evades the innate immunity have been described (21, 47) . The surface M and M-like proteins of GAS avoid opsonization by complement-and phagocytosismediated killing, in part by binding to complement regulatory proteins, such as C4b-binding protein, factor H, and factor H-like protein (2, 23) . Unlike M protein, both the hyaluronic acid capsule and collagen recruitment of GAS form the physical barrier on the bacterial surface to avoid complement opsonization and phagocytosis by neutrophils (47) . Also, GAS expresses C5a peptidase to digest C5a and inhibit recruitment of neutrophils to sites of infection (22) . Another GAS protective mechanism involves membrane attack complex inhibition (16) and resistance to neutrophil phagocytosis (47) through secretion of streptococcal inhibitor of complement. Moreover, GAS also secretes several exotoxins and enzymes, such as IdeS (immunoglobulin G [IgG]-degrading enzyme of S. pyogenes)/ Mac (group A streptococcal Mac-1-like protein), streptococcal pyrogenic exotoxin B (SPE B), and endo-␤-N-acetylglucosaminidase (EndoS), which are able to bind or cleave IgG and inhibit opsonophagocytosis (8, 9, 10, 12, 14, 29, 45, 46) . Furthermore, GAS secretes DNases to degrade the neutrophil extracellular trap, which functions as an extracellular bactericidal weapon of neutrophils, thereby evading the innate immune response (43) .
Several reports suggest that SPE B, a cysteine protease, may be a critical virulence factor in streptococcal infections. Clinical investigations indicate that high levels of SPE B protease activity are significantly associated with signs of streptococcal toxic shock syndrome and with mortality (19) . Patients with lower antibody levels against SPE B are more likely to succumb to invasive GAS disease (15) . SPE B digests a number of host proteins, including immunoglobulin (8, 10, 14, 45) , kininogen (17) , matrix metalloprotease (3), urokinase receptor (51), fibrinogen (33) , and fibronectin as well as vitronectin (25) and interleukin-1 precursor (24) . A speB mutant strain has decreased resistance to neutrophil phagocytosis, dissemination to organs, and mortality in the mouse model (26, 28, 30, 31, 32) . The exact mechanism by which SPE B inhibits neutrophil phagocytosis has yet to be clearly defined.
The complement system, an important arm of innate immunity, plays an essential role in the early defense of bacterial infection. The human complement system consists of more than 30 proteins in plasma and on host cells. Based on different recognition molecules to sense a foreign substance, three different complement pathways are the classical pathway (CP), the lectin pathway (LP), and the alternative pathway (AP). Even though the initiation stages are diverse in these three complement pathways, they converge in the generation of C3 convertase, which cleaves the central component C3 (48, 49) . Following C3 cleavage, the attachment of C3b to the bacterial surface is necessary to initiate opsonophagocytosis by phago-cytes. Moreover, the C3 convertase is changed into a C5 convertase, which mediates membrane attack complex formation on the bacterial surface, thereby eliminating bacteria effectively (36, 48, 49) . In our previous study, we indicated that SPE B degraded serum properdin, the only known positive regulator of AP activation, leading to a decrease in bactericidal activity by neutrophils toward GAS (44) . In the present study, we further show that SPE B impairs all three complement pathways through degradation of the central component C3, thereby decreasing the deposition of C3 fragments on the bacterial surface and further inhibiting opsonophagocytosismediated killing of neutrophils.
MATERIALS AND METHODS
Preparation of recombinant SPE B and its mutant, C192S. The recombinant SPE B and the C192S mutant lacking protease activity were prepared as described previously (6) . Briefly, the genomic DNA of GAS was extracted and the structural gene of pro-SPE B was amplified by PCR with the sense primer 5Ј-GGATCCGGATCCCATCATCATCATCATCATGATCAAAACTTTGCT CGTAACGAA-3Ј (with a His 6 tag and BamHI recognition) and antisense primer 5Ј-GGATCCGGATCCCTAAGGTTTGATGCCTACAACAG-3Ј (with BamH1 recognition). The PCR product was purified and then cloned into the BamH1 site of a pET-21a vector. The recombinant plasmid was transformed into Escherichia coli BL21(DE3) pLyS, and the system was under the control of a strong T7 promoter. The wild-type construct was further used to produce the C192S mutation using overlap extension PCR. The recombinant protein was produced by growing cells at 28°C overnight in LB medium containing 10 g of Bacto tryptone, 5 g of Bacto yeast extract, and 10 g of NaCl in 1 liter and purified using Ni 2ϩ -chelating chromatography (Amersham Biosciences, Uppsala, Sweden). Recombinant wild-type SPE B was converted into a 28-kDa active form during the course of purification. The protein was concentrated using Amicon ultrafiltration with a 10-kDa cutoff membrane and exchanged with phosphatebuffered saline (PBS) (6, 44) .
Enzyme-linked immunosorbent assay (ELISA) for assessment of complement functional activity. Complement activation of the CP, the LP, or the AP pathway by human serum was detected by using a Wielisa COMPL300 total complement functional screen kit (Wieslab AB, Lund, Sweden) (37, 40) . The kit provides coated strips as follows: strips of wells for CP evaluation are precoated with IgM, strips for AP evaluation are coated with lipopolysaccharide from Salmonella typhosa, and LP pathway strips are coated with mannan. Following the kit instructions, the serum of a healthy individual, provided in the kit, was diluted 100-fold for the CP and LP assays and 18-fold for the AP assay in specific buffers, which ensured that activation of only one of the pathways occurred (40). The diluted serum was then incubated with different concentrations (5, 10, or 20 g/ml) of SPE B or C192S for 15 min in a 37°C water bath. Thereafter, SPE Bor C192S-treated human serum was added to strips and incubated for 1 h at 37°C. Alkaline phosphatase-conjugated anti-human C5b-9 antibody, provided in the kit, was added, and the mixture was incubated for another 30 min at room temperature. Finally, the substrate was added and absorbance values were read at 405 nm. For each assay, standard positive and negative control sera were provided in the kit. Complement activity was calculated as follows: activity ϭ 100% ϫ (A 405 of sample Ϫ A 405 of negative control)/(A 405 of standard serum Ϫ A 405 of negative control) (40) . In each assay, samples, standard serum, and negative control serum were tested in duplicate at a fixed dilution. The results of one of three experiments are presented.
Identifying C192S-binding ligands in human serum. One gram of CNBractivated Sepharose 4B gel (Pharmacia Biotech, Uppsala, Sweden) was suspended in 250 ml of 1 mM HCl for 30 min at 4°C, and then the gel was washed with alternating 750 ml of 1 mM HCl, 100 ml of distilled water, and 300 ml of reaction buffer containing 0.1 M NaHCO 3 and 0.5 M NaCl (pH 8.0). The gel suspended in 15 ml of the reaction buffer (pH 8.0) was incubated with 10 mg of C192S at 4°C overnight, and then the coupled gel was washed with 250 ml of 1 M glycine-reaction buffer (pH 8.0) to block unused activated sites. Thereafter, the coupled gel was washed three times with alternating 200 ml of borate buffer containing 0.1 M boric acid and 1 M NaCl (pH 8.5), 100 ml of distilled water, 200 ml of acetate buffer containing 0.1 M sodium acetate and 1 M NaCl (pH 4.0), and 100 ml of distilled water and then was suspended in PBS.
One milliliter of normal human serum was passed through a CNBr-activated Sepharose 4B-packed affinity column that was immobilized with C192S. Buffer containing 50 mM Tris (pH 7.0) was used to wash nonbinding materials. After several washes, binding ligands of C192S were eluted with 0.1 M glycine (pH 3.0), and different fractions were collected from the point when the signal appeared on the recording graph by measuring the absorbance at 280 nm (44) . The contents of different fractions were verified using 8% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and then transferred to a polyvinylidene difluoride membrane (Millipore, Bedford, MA). After being blocked, blots were developed with goat anti-human C3 polyclonal antibody (Calbiochem, San Diego, CA) that was diluted 7,000-fold with PBS. Blots were then hybridized using horseradish peroxidase-conjugated rabbit anti-goat IgG (Calbiochem), and the protein bands were visualized using enhanced chemiluminescence (Amersham Biosciences).
Detection of cleavage of C3 by SPE B. The purified C3 (200 g/ml; Calbiochem) was incubated with 20 g/ml of SPE B or C192S at 37°C for 30 min. In another experiment, an equal volume of human serum, diluted 20-fold with PBS, was incubated with PBS, 40 g/ml of SPE B, or 40 g/ml of C192S at 37°C for 15 min with 5 mM dithiothreitol (DTT)-0.1 mM EDTA, which was used to activate SPE B protease activity (44) . The reaction mixtures mentioned above were separated using 8% SDS-PAGE and then detected by Western blotting with goat anti-human C3 polyclonal antibody (Calbiochem), as described above.
Preparation of opsonized zymosan. Zymosan (Sigma, St. Louis, MO) was boiled in PBS for 30 min, washed three times with PBS, and resuspended at 20 mg/ml in Dulbecco's phosphate-buffered saline (DPBS; Gibco, Grand Island, NY) containing 14 mg/ml of CaCl 2 and 14 mg/ml of MgCl 2 (52) . For opsonization, 0.5 ml of zymosan particles (20 mg/ml) was mixed with 0.5 ml of normal human serum and incubated for 30 min at 37°C (52) . The opsonized zymosan particles were then washed and resuspended in DPBS at a concentration of 10 mg/ml. In some experiments, normal human serum was incubated with 20 g/ml of either SPE B or C192S at 37°C for 30 min, and different concentrations of C3 (10, 20, or 40 g/ml) were then added to the reaction mixture. Thereafter, the pretreated sera were incubated with 0.5 ml of zymosan particles (20 mg/ml) for 30 min at 37°C.
Luminol-dependent CL detection in neutrophils. Human neutrophils were collected from healthy donors and purified using Ficoll-Paque centrifugation. Human neutrophils (10 6 cells in 80 l of DPBS) were incubated with opsonized zymosan particles (10 g in 10 l of DPBS), 5 l of luminol (superoxide anion assay kit; Sigma), and 5 l of enhancer (40 mM; Sigma). The reaction was monitored with a multidetection microplate reader (Synergy 2 model; Bio-Tek Instruments, Inc., Winooski, VT) for 15 min and recorded in millivolts. The results are expressed as the kinetic profiles of chemiluminescence (CL) production or the integrated area under the curves of the CL profile (13, 38) . The results of one of three experiments are presented.
Detection of opsonized C3 fragments on zymosan. Opsonized zymosan was mixed with sample dye, boiled, and then separated using 8% SDS-PAGE and blotted with goat anti-human C3 polyclonal antibody (Calbiochem) that was diluted 7,000-fold with PBS as described above.
Analysis of complement deposition on GAS by flow cytometry. S. pyogenes A20 (type M1, T1; opacity factor negative) was isolated from the blood of a patient with necrotizing fasciitis at the National Cheng Kung University Hospital. SW507, a speB isogenic mutant of A20, was generated by J. J. Wu, Department of Medical Technology, National Cheng Kung University (26) . S. pyogenes was cultured in tryptic soy broth containing 0.5% yeast extract (Difco Laboratories, Detroit, MI) overnight at 37°C and then subcultured in fresh broth (1:50, vol/vol) for another 16 h. The concentration of bacteria was determined with a spectrophotometer (Beckman Instruments, Somerset, NJ) by measuring the optical density at 600 nm.
Washed A20 strain cells were resuspended at 5 ϫ 10 7 CFU in 0.5 ml of PBS containing 0.1% gelatin (PBS-G), and human serum (0.25 ml) pretreated either with 20 g/ml of SPE B or C192S at 37°C for 15 min was added and incubated for another 30 min. The reaction mixture was washed twice with 1 ml of PBS-G at 8,000 ϫg for 5 min. In another experiment, washed A20 or SW507 cells (5 ϫ 10 7 CFU in 0.5 ml of PBS-G) were incubated with 0.25 ml of human serum at 37°C for 30 min and then washed twice with 1 ml of PBS-G. Opsonized bacteria, as indicated above, were then fixed with 0.2 ml of 1% paraformaldehyde at room temperature for 10 min. Goat anti-human C3 polyclonal antibody (Calbiochem; 20 g/ml in PBS-G containing 0.3% bovine serum albumin) was added and incubated for another 30 min at 4°C. Thereafter, 0.2 ml of fluorescein isothiocyanate-conjugated anti-goat IgG (Calbiochem) that had been diluted 1:100 in 0.3% bovine serum albumin-PBS-G was added and incubated for 30 min at 4°C. Finally, the bacteria were washed and resuspended in 1 ml of PBS for flow cytometric analysis (BD Biosciences, San Jose, CA) (5). Each assay was performed at least three times, and the results are expressed as the mean Ϯ standard deviation.
Detection of opsonized C3 fragments on the GAS surface. Opsonized GAS, as described above, was washed twice with PBS. The pellet was suspended in 1 M hydroxylamine (Sigma)-1% SDS (pH 9.0 in 5 mM NaHCO 3 -Na 2 CO 3 ) at 37°C for 20 min to disrupt ester bonds between the complement fragments and the bacterial surface. Centrifugation (13,000 ϫ g) was used to separate the bacterial pellet from the C3 fragment suspension. Two hundred microliters of the C3 fragment suspension was reduced with 10 mM DTT (Sigma)-1% SDS at 37°C for 60 min and then alkylated with 20 l of 22 mM iodoacetamide (Sigma) (pH 8.0 in 100 mM of Tris-10 mM of EDTA) at 37°C for 60 min (4). The reaction mixture was separated using 8% SDS-PAGE and then transferred to a polyvinylidene difluoride membrane (Millipore). After being blocked, blots were developed with goat anti-human C3 polyclonal antibody (Calbiochem) as described above.
Neutrophil killing assay. Human serum was diluted twofold with sterile normal saline and then treated with 20 g/ml of SPE B for 30 min at 37°C in the presence of 5 mM DTT-0.1 mM EDTA. Then, the purified C3 (4 or 10 g/ml) was reconstituted to the reaction mixture. A20 cells (1.5 ϫ 10 3 CFU) were opsonized with pretreated sera for 5 min at 37°C before adding 3 ϫ 10 6 neutrophils. Incubation was continued at 37°C during end-over-end rotation for 2.5 h (T 2.5 ). Portions of 20 l were removed and diluted in 10 ml of PBS containing 0.025% Triton X-100. Viable bacteria were determined by colony counting using the pour plate method (44) . The time point of neutrophil addition was indicated as T 0 . The relative bacterial amount in each group was calculated as follows: (CFU at T 2.5 )/(CFU at T 0 ). The relative bacterial ratio was calculated as follows: (relative bacterial amount in each group)/(relative bacterial amount in serum control group). The results of three experiments are presented and expressed as means Ϯ standard deviations.
Statistics. Statistical analysis was performed using analysis of variance. Differences were considered significant at a P level of Ͻ0.05.
RESULTS

SPE B inhibits three complement pathways.
To examine the effect of SPE B on complement activation, a simple ELISAbased procedure for the classical, alternative, and lectin pathways was used in this study (37, 40) . The human sera treated with either SPE B or C192S were used to activate complement pathways. SPE B, but not C192S, was able to impair the activation of both the classical and the lectin pathways in a dosedependent manner compared with the PBS-treated group (Fig.  1A and B) . As complement activation of the alternative pathway detected by the ELISA requires a serum concentration that is 10-fold higher than that required for the classical and lectin pathways (37, 40) , the impairment of the alternative pathway by SPE B was notably detectable at 20 g/ml but not at 5 or 10 g/ml (Fig. 1C) . These results suggested that SPE B could effectively damage the three pathways of complement activation.
SPE B but not C192S cleaves C3.
To examine the effect of SPE B on C3, a convergent point for the classical, alternative, and lectin complement pathways (48, 49) , the interaction of SPE B and C3 was studied next. Because of the protease activity of SPE B and its autocatalysis reaction (26, 27) , human sera were passed through an affinity column packed with C192S, a SPE B mutant, and immobilized on Sepharose 4B.
FIG. 1. Effects of SPE B and C192S on the classical pathway (A)
, lectin pathway (B), or alternative pathway (C) of complement activation. The human sera diluted with specific buffers were incubated with different concentrations of SPE B or C192S, and the complement activation by human serum was detected in an ELISA. The complement activity was calculated as described in Materials and Methods. The results of one of three experiments are presented.
FIG. 2. Effects of SPE B and C192S on C3. (A)
The reaction mixture of fraction 13 (F13) from the elution, purified C3, purified C3 plus SPE B, or purified C3 plus C192S was separated using 8% SDS-PAGE and blotted using goat anti-human C3 antibody. (B) Diluted human serum was incubated with either 40 g/ml of C192S or SPE B for 15 min with 5 mM DTT-0.1 mM EDTA, and then the reaction mixture was separated using 8% SDS-PAGE and blotted using goat anti-human C3 antibody, as described in Materials and Methods. Untreated serum was used as a control.
Different fractions were collected when the elution proceeded and their contents were analyzed using SDS-PAGE followed by Western blotting with anti-C3 antibody. The Western blot result showed that fraction 13 contained ␤-chain and some protein fragments, ranging from 41 to 67 kDa, that are likely to be the autolytic fragments of the C3 ␣-chain (20) compared with the blot results of purified C3 ( Fig. 2A) , suggesting that C192S could bind C3 in the human serum. For further analysis of the interaction of SPE B and C3, purified C3 was either incubated with SPE B or C192S for 30 min, and the reaction mixture was verified using SDS-PAGE and blotted with anti-C3 antibody. After the 30-min incubation, SPE B but not C192S cleaved purified C3 effectively (Fig. 2A) . The similar cleaving results were found with SPE B-treated, but not C192S-treated, human sera (Fig. 2B) . These results suggested that SPE B was able to bind serum C3 and cleave it effectively.
Inhibition of zymosan-induced neutrophil activation by SPE B was C3 dependent. The complement-mediated neutrophil activation through opsonophagocytosis was further examined. Zymosan was opsonized with PBS-, SPE B-, or C192S-treated human sera for 30 min. The neutrophil oxidative burst stimulated by opsonized zymosan was detected in a CL assay (13, 38) . SPE B effectively decreased the production of CL in human neutrophils at the concentration of 20 g per ml compared with the PBS-treated group. In contrast, C192S had no significant effect on CL production of neutrophils (Fig. 3A) . Reconstitution of purified C3 restored CL production of neutrophils in a dose-dependent manner (Fig. 3A and B) . Further analysis of C3 deposition on the zymosan surface indicated that the amount of C3 fragments on the zymosan surface was significantly decreased after opsonization with SPE B-treated, but not PBS-or C192S-treated, human sera (data not shown). Reconstitution of purified C3 restored the C3 deposition amount on the zymosan surface dose dependently, even in the presence of SPE B (data not shown). These results suggested that SPE B inhibited zymosan-mediated human neutrophil activation by decreasing C3 deposition on the zymosan surface.
Degrading C3 by SPE B inhibits bacterial killing by human neutrophils. To examine whether the C3 opsonization on the GAS surface was affected by SPE B, GAS strain A20 was incubated with either SPE B-or C192S-treated human serum. The C3 amount deposited on the A20 surface was detected using anti-C3 antibodies and flow cytometric analysis. The results indicated that SPE B, but not C192S, significantly decreased C3 deposition on the A20 surface ( Fig. 4A and B) . C3 fragments released from the bacterial surface after opsonization of the A20 strain with SPE B-or C192S-treated serum were also confirmed by Western blotting (data not shown), indicating a result similar to that shown in the flow cytometric   FIG. 3 . Effect of C3 on SPE B-mediated inhibition of neutrophil activation by zymosan. Human neutrophils were incubated with zymosan that was opsonized with SPE B-treated serum and different concentrations of C3, and the CL production of neutrophils was then detected as described in Materials and Methods. The CL production of neutrophils is expressed as the kinetic profile and presented in millivolts per minute (A) or as the integrated area under the curves (AUCs) (B). The CL production of neutrophils that was induced by zymosan, which was opsonized either with untreated or C192S-treated serum, was used as a control. The results of one of three different experiments are presented. assay. Further comparison of C3 deposition on the surface of a SPE B-producing strain, A20, and its isogenic mutant, SW507, after opsonization with human serum in a flow cytometric assay indicated that the amount of C3 fragments on the A20 surface was less than that of SW507 (Fig. 5A) . These results suggested that SPE B impairs C3 opsonization on the GAS surface.
The effects of degradation of C3 by SPE B on the killing ability of neutrophils were examined further. A GAS strain, A20, opsonized with SPE B-treated serum, was incubated with human neutrophils from a healthy donor, and the bactericidal activity of neutrophils was assayed after 2.5 h. A20 opsonized with SPE B-treated serum was more resistant than A20 opsonized with normal serum to neutrophil killing (Fig. 5B) . SPE B-mediated A20 resistance to neutrophil killing was inhibited after reconstitution of purified C3 to SPE B-treated serum (Fig. 5B) . These results suggested that degradation of C3 by SPE B reduced both serum opsonization and neutrophil killing activity.
DISCUSSION
Several lines of evidence suggest that SPE B contributes to increased GAS invasion (28, 30, 31) , degradation of fibronectin, vitronectin, and fibrinogen (25, 33) , cleavage of the urokinase plasminogen activator receptor (51), activation of matrix metalloprotease (3), generation of active interleukin-1␤ from its precursor (24) , damage to endothelial cells (28) , and reduced phagocytic activity of U937 monocytic cells (27) . In addition, SPE B cleaves the Fc portion of antigen-bound IgG, thereby contributing to bacterial evasion of antibody-mediated opsonophagocytosis (10, 14) . In contrast, SPE B has been shown to degrade a bacterial surface protein, Fba, which contributes to phagocytosis resistance through binding of factor H and factor H-like protein 1 in in vitro experiments (50) . However, these in vitro experimental findings seem to not directly reflect in vivo infections, where streptococci are likely to be coated with host proteins that could protect bacterial surface proteins from SPE B degradation (50) .
Our previous studies using an animal model showed a correlation of SPE B with the pathogenicity of GAS diseases (26, 28) . Wild-type strain NZ131 multiplied in the air pouch, secreted SPE B (approximately 30 to 40 g per ml), and resulted in bacteremia and dissemination to various organs within 48 h, whereas speB mutant SW510 bacteria were confined to the air pouch and eliminated. Coinoculation with SW510 and SPE B caused bacterial growth and dissemination, indicating SPE B helped bacteria to resist the host defense mechanism and continue to multiply (28) . SPE B produced from GAS is released extracellularly as a zymogen (pro-SPE B) with a molecular mass of 40 kDa, and the active form is a 28-kDa mature protease that plays an important role in GAS pathogenesis. The maturation of pro-SPE B can be achieved through proteolysis by autoprocessing of the 28-kDa active form of SPE B under physiological conditions (6) . Analysis of the cleavage sites by the active form of SPE B reveals trends, with a lysine residue at the P1 site and a preference for a hydrophobic residue, such as isoleucine, tyrosine, methionine, or valine, at the P2 site (6) . Using a SPE B concentration (20 g per ml) with physiological relevance to an animal model (28), we found that SPE B could degrade both ␣, ␣Ј (41-kDa fragment of the ␣-chain), and ␤-chains of C3 effectively (Fig. 2) . However, the detailed cutting sites by SPE B on ␣-and ␤-chains of C3 need further investigation. The similar protease mechanisms by which other pathogens act on C3 are also demonstrated by a chymotrypsin-like surface protease, dentilisin, of Treponema denticola (53), a trypsin-like protease of Porphyromonas gingivalis (39) , the elastase and alkaline protease of Pseudomonas aeruginosa (18) , and a gelatinase of Enterococcus faecalis (35) .
Even though the initiation stages are diverse in the CP, LP, and AP complement pathways, activation in all of them leads to opsonization of the target by C3b and its cleavage fragment, iC3b. Complement receptor 1 (CR1) on phagocytes binds C3b or C4b, and CR3 or CR4 binds iC3b, resulting in phagocytosis of the target and phagocyte activation that is characterized by the generation of reactive oxygen species (7) . Phagocytic cells require either complement deposition or antibodies-or preferably both-to recognize and eliminate bacteria efficiently. Recently, the functions of complement receptors and antibody 3 CFU) were opsonized using serum pretreated with either 20 g/ml of SPE B alone or SPE B plus C3 (4 or 10 g/ml) for 30 min at 37°C in the presence of 5 mM DTT-0.1 mM EDTA, and then neutrophils (3 ϫ 10receptors in phagocyte killing have been examined (34) . Blocking Fc receptors had little effect on the killing by neutrophils. However, inhibiting C3b/iC3b generation or blocking CR3 (CD11b/CD18) enabled GAS to grow efficiently in immune human serum (34) . This observation indicates that the function of complement receptors on phagocytes is most important to effectively eliminate GAS.
Several mechanisms specific to complement attack have been reported in GAS (1, 2, 5, 16, 21, 22, 23 ). In our previous study, we demonstrated that a virulent GAS mechanism inhibited the alternative pathway by degrading properdin with SPE B (44) . Reconstitution of a high dose of properdin (40 g per ml) into SPE B-treated serum increased neutrophil killing activity of GAS to a limited degree (unpublished observation), indicating that other factors by which SPE B inhibits neutrophil killing are involved. We suggest here a novel mechanism through which SPE B resists neutrophil killing: degradation of C3 and impairment of all complement pathways. Therefore, in addition to cleaving IgG and inhibiting antibody-mediated opsonophagocytosis, our findings indicate that SPE B may help GAS evade innate immunity by inhibiting complement-mediated opsonophagocytosis and further neutrophil activation.
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